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1

MONOPULSE ANTENNA SYSTEM WITH
INDEPENDENTLY SPECIFIABLE PATTERNS

BACKGROUND OF THE INVENTION
This invention relates generally to radio frequency

S

antennas and more particularly to feed networks for use

in multi-element monopulse antenna systems.

As 1s known in the art, a monopulse antenna, in its
most basic configuration, includes a cluster of four
horns, or antenna elements, disposed in four quadrants
of an array, such elements being coupled to a mono-
pulse arithmetic unit.to provide sum, azimuth and eleva-
tion antenna patterns. In many applications, however,
additional antenna elements are required in order to
improve the sidelobe characteristics of either relatively
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small array monopulse antennas or monopulse antennas

using a multielement feed for a radio frequency lens or
reflector. One such multi-element monopulse antenna is
discussed in an article entitled “A Multi-element High
Power Monopulse Feed With Low Sidelobes and High
Aperture Efﬁmency," by H. S. Wong, R. Tang and E.
E. Barber, published in IEEE Transactions on Antenna
and Propagation, Vol. AP-22, No. 3, May 1974. In such
multi-element monopulse antenna independent control
of the sum, azimuth and elevation antenna patterns is
provided by grouping the antenna elements in sets of
four, forming sum and difference outputs for each set
using four hybrids and combining such outputs with
power dividers to form a sum output azimuth output
and elevation output. |

SUMMARY OF THE INVENTION

With this background of the invention in mind, it is
therefore an object of this invention to provide an im-
proved multi-element monopulse antenna.

This and other objects of the invention are attained
- generally by providing a monopulse antenna adapted to
provide independently specifiable sum, azimuth and
elevation antenna patterns, such antenna comprising: A
plurality of rows of antenna elements; a plurality of feed
networks, each one of such feed networks being cou-
pled to a corresponding one of the rows of antenna
elements, such feed networks having three row feed
ports and means for coupling energy between such row
feed ports and the antenna elements coupled thereto
with independent amplitude and phase distributions;
sum, azimuth and elevation ports, such ports being asso-
ciated with the sum, azimuth and elevation antenna
patterns, respectively; and means for coupling energy
between the sum, azimuth and elevation ports and the
three row feed ports of the plurality of feed networks
with independent amplitude and phase distributions to
provide independent sum, azimuth and elevatlon an-
tenna patterns. |

In a preferred embodiment of the invention, the rows
of antenna elements are disposed symmetrically about
an elevation axis and the columns of antenna elements
are disposed symmetrically about an azimuth axis. In
each one of the rows of antenna elements, pairs for
symmetrically disposed antenna elements are coupled to
the arms of a corresponding one of a plurality of cou-
plers. “In-phase” and “out-of-phase” ports of such cou-
plers are coupled to corresponding feed structures. One
of the pair of feed structures is coupled to a first and a
second one of the three row feed ports and the other
one of the feed structures is coupled to a third one of the
row feed ports. The sum port is coupled to the first one
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of the row feed ports of each of the feed networks, the
azimuth port is coupled to the third one of the row feed
ports of each of the feed networks, and the elevation
port 1s coupled to the first and the second ones of the
row feed ports of each of the feed networks.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features of this invention, as well as
the invention itself, may be more fully understood from
the following detailed description read together with
the accompanying drawing: |

FIG. 1 is a schematic diagram of a radio frequency
antenna according to the invention;

FIG. 2 is a schematic diagram of a row feed network
used in the antenna of FIG. 1 coupled to a row of an-
tenna elements of such antenna; and

FIG. 3 1s a schematic dlagram of a coupler used in the
feed network of FIG. 2. ’

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, a monopulse antenna 10
adapted to provide independently specifiable sum, azi-
muth and elevation antenna patterns is shown. It is
noted that such antenna 10 may be used as a multi-ele-
ment feed for a radio frequency lens or reflector. Such
antenna 10 includes an array of antenna elements, here
arranged in a rectangular matrix of rows and columns.
More particularly, antenna 10 includes a plurality of,
here six, rows 121-12¢ of antenna elements, each row
here including six antenna elements 141-14¢, thereby
forming a six-by-six rectangular matrix of antenna ele-
ments. The antenna elements in each one of the rows
121-12¢ are disposed symmetrically about an azimuth
axis 17, and the antenna elements in each column are
disposed symmetrically about an elevation axis 19, as
indicated.

Each one of a plurality of, here six, feed networks
161-16¢ has three row feed ports 18, 18,, 183 and cou-
ples energy betwen such row feed ports 18, 18, 18;
and the antenna elements 14;-14¢ coupled thereto with
three independent amplitude and phase distributions.
Sum (2), azimuth (AZ) and elevation (EL) ports, asso-
clated with the sum, azimuth and elevation antenna
patterns, respectively, are provided. Feed networks 204,
2072, 203 couple energy between the sum (2), azimuth
(AZ) and elevation (EL) ports and the three row feed
ports 181, 18;, 183 of each of the feed networks 161-163
with three independent amplitude and phase distribu-
tions to provide the independent sum, azimuth and ele-

vation antenna pattern.

Referring now to an exemplary one of the feed net-
works, say feed network 161, such feed network 16; is
shown to include a plurality of, here three, couplers,
here hybrid junctions 26,-263, each one having a pair of
arms coupled to a corresponding pair of antenna ele-
ments which are disposed symmetrically about the azi-
muth axis 17. In particular, antenna elements 14y and
146 are coupled to the arms of hybrid junction 263 by
transmission lines (not numbered) each having the same
electrical length; antenna elements 14> and 145 are cou-
pled to the arms of hybrid junction 26; by transmission
lines (not numbered) here each having the same electri-
cal length; and antenna elements 143 and 144 are coupled
to hybrid junction 26; with transmission lines (not num-
bered) having equal electrical lengths. The sum or “in
phase” ports 281, 28;, 283 of hybrid junctions 261, 26,
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263, respectively, are coupled to row feed ports 184, 18,
through an end-fed ladder feed network 30 and the
difference or “out-of-phase” poris 321, 323, 323, of hy-
brid junctions 261, 263, 263, respectively, are coupled to
row feed ports 183 through an end-fed series feed net-
work 34, as indicated. It is noted that each one of the
row feed networks 161-16¢ here includes a pair of strip-
line circuits (not shown), one having formed thereon
hybrid junctions 26;-263 and transmission lines coupling
end portions to networks 30, 34, and the other having
formed thereon the networks 30, 34, such pair of cir-
cuits being electrically connected with suitable feed-
throughs (not shown). (It is further noted, therefore,
that energy passing between the antenna elements
14;-146 and “in phase” ports 281, 28, 283 will have even
symmetry about the azimuth axis 17, and energy passing
bétween the antenna elements 141-144 and the “out-of-
phase” ports 321, 323, 323 will have odd symmetry about
the azimuth axis 17). The details of feed network 30 will
be described in connection with FIGS. 2 and 3. Suffice
it to say here, however, that the feed network 30 is
adapted to provide: a first predetermined amplitude and
phase distribution to energy coupled between row feed
ports 18; and antenna elements 14;-14¢, such distribu-
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tion being in accordance with the coupling factors of 25

directional couplers 36, 36;, the electrical lengths of
transmission lines 80, 82, 84 (numbered only in FIG. 2)
which couple the “in phase” ports 281, 283, 283 to such
fed network 30, and the electrical length of the trans-
mission line 82 (numbered only in FIG. 2Z) which cou-
ples directional coupler 36, to directional coupler 36;;
and a second, independent predetermined amplitude

and phase distribution to energy passing through such
feed network 30 between both row feed ports 18 and
18> and the antenna elements 141-14¢, such distribution

being in accordance with the coupling factors of direc-
tional couplers 361, 367, 363, the electrical lengths of
transmission lines 83, 81, 82, 84, 86 and 98¢ (numbered
only in FIG. 2) and the relative amplitude and phase of
the energy appearing at both row feed port 18; and row
feed port 18,. As will be discussed further heremnafter,
the row feed port 183 1s coupled to the sum output port
via feed network 20,, the energy appearing at such row
feed port 18; being in accordance with the first distribu-
tion and therefore the first distribution is associated
with the sum antenna pattern; whereas both row feed
ports 18y and 18; are coupled to the elevation (EL)
output port because of a directional coupler 37. The
relative amplitude and phase of the energy appearing at
both row feed ports 18, 18, is associated with the sec-
ond distribution, as will be discussed; the second distri-
bution 1s associated with the elevation antenna pattern.
It is also noted that both the first and second distribu-
tions (i.e., those distributions established, inter alia, by
the feed network 30) will each have even symmeiry
about the azimuth axis 17, because such network 30 is
coupled to the “in phase” ports 28, 28;, 283 of hybrid
coupler 261, 267, 263, respectively. Therefore, the eleva-
tion antenna pattern and the sum antenna pattern will
have even symmetry about the azimuth axis 17.

A third, independent predetermined amplitude and

phase distribution is provided to energy passing be-
tween row feed port 183 and antenna elements 141-14,
such distribution being in accordance with the coupling
factors of directional couplers 371, 37, and the electrical
length of transmission lines (not numbered) used in such
network 34. The row feed port 183 is coupled to the
azimuth (AZ) port via a feed network 203, the energy
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appearing at row feed port 183 being in accordance with
the third distribution and, as will be discussed, the third
distribution 1s associated with the azimuth antenna pat-
tern. Further, the third distribution will have odd sym-
meiry about the azimuth axis 17 because feed network
34 1s coupled to the “out-of-phase” ports 321, 32,5, 323 of
hybrid couplers 261, 26,, 263, respectively.

Feed network 23, includes a plurality of, here three,
hybrid junctions 40;, 40,, 403, the arms of which are
coupled to row feed port 18; of: feed networks 16;, 16¢;
feed networks 167, 165; and feed networks 163, 164,
respectively, as shown in FIG. 1. The “in phase” ports
421, 425, 423 of hybrid junctions 401, 40,, 403, respec-
tively, are coupled to the sum (Z) output port through
directional couplers 44, 46, as shown. The electrical
lengths of transmission lines 4ia, 414, which couple
hybrid junction 40, to both networks 16; and 1%¢, are
equal to each other; the electrical lengths of the trans-
mission lines 43a, 435, which couple hybrid junction
40, to both networks 16, and 165 are equal to each other;
and the electrical lengths of the transmission lines 48q,
45b, which couple hybrid junction 403 to both networks
163 164, which are equal to each other. Therefore, the
energy coupled between the sum (Z) output port and
the antenna elements in each one of the six columns
thereof will have even symmetry about the elevation
axis 12. The amplitude distribution down one of the
columns of antenna elements (i.e., antenna elements 14
of rows 12;-124, or antenna elements 14, of rows
121-12¢, eic.) is 1n accordance with the coupling factors
of directional couplers 44, 46 and the phase distribution
down any one of the columns of antenna elements is
here in accordance with the electrical lengths of trans-
mission lines 41a, 41b, 43a, 43b, £5a, 455 and the electri-
cal lengths of transmission lines 20, 91, 92 in feed net-
work Z{,. It follows then that energy is coupled be-
tween the entire array of antenna elements and the sum
(2) port with independent amplitude and phase distribu-
tions across each row of elements (such distributions
being in accordance with the first distribution estab-
lished by the coupling of factors and electrical lengths
of the directional couplers and transmission lines, re-
spectively, used in the teed networks 161~16¢ coupled to
such row of antenna elements) and independent ampli-
tude and phase distribution down each one of the col-
umns of antenna elements (such amplitude distribution
being in accordance with the coupling factors of direc-
tional couplers 44, 46 and such phase distribution being
in accordance with the electrical lengths of the trans-
mission lines 41a, 415, 43a, 43b, 45a, 45b, 90, 21, 92).
These “row” and “column” distributions provide the
sum antenna pattern.

The elevation (EL) output port 1s coupled to the
“out-of-phase” ports 501, 58, 503 of hybride junctions
40, 40, and 403, respectively, through the directional
coupler 37 and the directional couplers 52, 54 of feed
network 20;, as indicated in FIG. 1; and to the “out-of-
phase” ports 581, 58;, 583 of of hybrid junctions 561, 56,,
563, respectively, through the directional coupler 37
and the directional couplers 60, &2 of feed network 28,
as mmdicated. The arms of hybrid junctions 561, 56;, 563
are coupled to: row feed port 181 of feed networks 16,
166 via transmission lines 63a, 63b, respectively; and
feed port 18 of feed networks 16,, 165 via transmission
lines 654, 65b, respectively; and feed port 18; of feed
networks 163, 164 via transmission lines 674, 67b, respec-
tively, as indicated. Further, the electrical lengths of
transmission lines 63a, 636 are equal to each other and
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the electrical lengths of transmission lines 65a, 65b are
equal to each other, and the electrical lengths of trans-
mission lines 67a, 67) are equal to each other. It follows,
then, that, because energy is-coupled between the “out-
of-phase” ports of hybrid junctions 58;, 585, 583, energy
coupled between the elevation (EL) output port and

each one of the columns of antenna elements in the

array will have odd symmetry about the elevation axis

19. Further, as discussed above, the second amplitude
and phase distributions are established for each row of 10

antenna elements in accordance with the relative ampli-

tude and phase of the energy appearing at the row feed

ports 18;, 18, of the feed network coupled to such row
of antenna elements. Thus, relative amplitude and phase
of the energy appearing at row feed ports 181, 18> 1s
achieved by coupling the elevation (EL) output port in
both row feed ports 18; 18;, through both networks
204, 20,, via the dirctional coupler 37. That is proper
 relative amplitude and phase of energy appearing at

row feed ports 18; and 18; is controlled by selection of
" the coupling factors of directional couplers 37, 60, 62,
52 and 54 (for relative amplitude of the energy appear-
ing at row feed ports 18;, 18, for each of the feed net-
works: 161, 16¢; 162, 165; 163, 164) and the electrical
lengths of transmission lines 41a, 415, 43a, 43b, 43a, 45,
63a, 63b, 65a, 65b, 67a, 67b, 90, 91, and 92 (for relative
phase of the energy appearing at row. feed ports 18;,
185 for each of the feed networks: 161, 16¢; 16;, 165; 163,
164). It follows then that energy is coupled between the
elevation (EL) port and the entire array of antenna
elements, each symmetrically disposed column of an-
tenna elements in*the array having an independent am-
plitude and phase distribution. Further, the amplitude
and phase distribution of energy down any column
which is associated with the sum (2) port.is independent
from the amplitude and phase distribution of energy
down the same column which is associated with the
elevation (EL) output port. Therefore, the antenna 10 1s
adapted to provide 1ndependent sum and elevation an-
tenna patterns.

Con51denng now the azimuth (AZ) output port, such
port is coupled to the “in phase” port of hybrid junction
70. The arms of hybrid junction 70 are coupled to the
row feed port 183 of the feed networks 161-166 via di-
rectional couplers 72, 74, 76, 78 and transmission lines
71a-71f as indicated. Considering row feed port 18; of
feed network 163, energy is coupled between the an-
tenna elements 141-14¢ in row 12; and such row feed
port 18; through hybrid junctions 261-263 and. series
feed network 34. In particular, such energy is coupled
between such row feed port 183 and the “out-of-phase”
ports 32i, 32;, 323 of hybrid junctions 263, 262, 263,
respectively, through directional couplers 37;, 372, as
indicated. Further, the electrical length of transmission
lines 71a and 71f are equal to each other, the electrical
lengths of transmission lines 716 and 7le are equal to
each other, and the electrical lengths of transmission
lines 71¢c and 71d are equal to each other. It is first
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noted, therefore, that the distribution of energy passing

~ between such row feed ports 183 and the antenna ele-
“ments 14;-14¢ has odd symmetry about the azimuth axis

17 and independent amplitude, and phase distribution at
such “out-of-phase” ports in-accordance with the cou-
- pling factors of directional couplers 371, 372 and the
electrical lengths of the transmission lines couplmg such
 feed network 34 to the “out-of-phase” ports 321, 32,
323 of hybrid junctions 26;, 263, 263, respectively. It
follows then that this amplitude and phase distribution
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of ‘energy coupled between the antenna elements
141-14¢ of row 121 and the azimuth (AZ) output port is
independent from the amplitude and phase distribution
of energy coupled between such antenna elements and
the sum () output port. Further, independent ampli-
tude and phase distribution between each row of an-
tenna elements is provided in accordance with the cou-
pling factors of directional couplers 72, 74, 76 and 78
and the electrical lengths of the transmission lines
71a-71f coupled between such directional couplers 72,
74, 76, 78 and the feed networks 161-16s.

Referring now to FIG. 2, feed network 30 is shown in
detail to include directional couplers 361, 363, 363 ar-
ranged as shown. An exemplary one of the directional
couplers 361-363, here directional coupler 36, is shown
in FIG. 2 to have a pair of ouput ports (367)2, (362)4, 2
pair of input ports (362)1, (362)3 and a coupling factor
K36,. The relationship between input voltages, output
voltages and coupling factor of such coupler 36; may be
related, for matched conditions, according to the fol-

lowing equations:

V(362)2= —jV 1 —K36221(362)1 + K362 V(36))3 (1)

V(362)4=K363LV(367)1 —JV 1 —K362V(367)3 (2)

where:
- V(367); is the incident wave, or inprint voltage at
input port (362)1;

V(362)11s the incident wave, or input voltage at input
port (362)3; |

V(36,); is the reflected wave, or output voltage at
output port (362)2;

V(363)4 1s the reflected wave or output voltage at
output port (362)4; and

1=V —1.

As discussed in connection with FIG. 1, the feed
network 30 (FIG. 2) is adapted to provide two indepen-
dent amplitude and phase distributions: a first distribu-
tion being associated with energy coupled between row
feed port 18; and “in phase” ports 28, 28>, 283 of hybrid
junctions 261, 263, 263, respectively, such distribution
being in accordance with the coupling factors K36,,
K36, of directional couplers 36,, 361, respectively, and
the electrical lengths of transmission lines 80, 81, 82 and
84; and a second, independent distribution associated

with the energy coupled between both row feed ports
18;, 18; and the “in phase” ports 281, 28>, 283 of hybrid

junctions 261, 26, 263, respectively, such distribution
S50

being in accordance with the coupling factors K361,
K36,;, K363 of directional couplers 361, 36;, 363, the
electrical lengths of transmission lines 80, 81, 82, 84, 86,
90 and the relative amplitude and phase of the energy
appearing at both row feed ports 18;, 18,.

For example, if it 1s desired that the first distribution
have voltages A1 £L—ay; Ay L—ay; and A3 L—a3at “in
phase” ports 28, 28,, 283, respectively, in response to a
voltage Vig,{1) at row feed port 18;, the electrical
lengths of transmission lines 80, 82 84 are selected to
provide phase delays of a; —90°; a3; and a3, respectively,
for energy passing between ports (362), (362)4 and
(361)4 and ports 28, 28, 283 respectively. The coupling
factors K367, K36 and the electrical length of transmis-
sion line 81 are selected to produce voltage A1 £—90°;
Ay £0°% and A3 £ 0° at ports (362)2; (362)4; and (361)4,
respectively.

To obtain such voltages, considering first directional
coupler 363, it is noted that, because we are considering
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the first distributton (i.e., the energy appearing solely at
feed port 187) the energy at feed port 18; is here as-
sumed zero and, hence, V(363)3=0. Therefore, from
equations (1) and (2):

1(362)2= —7V 1 - K365 ¥(36)) 3)

and

V(362)4 =K3621(367), 4 10

Therefore, from equations (3) and (4):
| (362)2 |2/ | ¥(362)4|2={1 — K36,2)/(K36)°) (5)

or, from equation (5): 5

V(369)4]2 (6)
K36,2 = | 2( 2)4] >
| (362)2]% + | ¥(362)4]
and, therefore: 20
| 42| (7)
K36y = > ;
|A11< + |A2]
25

likewise, for directional coupler 36;, to establish the
coupling factor K38, here again assuming V(36,)3=0,

143]2 8) 30
41|12 + |A2]% + |43]?

In order to obtain proper phase angles for the voltages

at ports (362)2, (362)4 and (361)4, the electrical lengths of 34
transmission line 81 1s here selected to produce a 270°
phase shift to energy passing through such line. There-
fore, the coupling factors of directional couplers 36;, 36.
and the electrical lengths of transmission lines 80, 82, 84
and 81 are established by the requirements in obtaining 49
the first distribution.

Considering now the second amplitude and phase
distribution, say a voltage distribution at ports 28, 28,,
283 0f By /by, By,/b3, and B3/bs, respectively, it is first
noted that the coupling factors K36;, K36, and the 45
electrical lengths of transmission lines 80, 81, 82 and 84
have been established to obtain the first distribution as
discussed above. Therefore, because of the lengths of
transmission lines 80, 82, 84, it is necessary that the
voltages: Bi/p1+(A1—~90%; B>/bs+ay: and sq
B3/b3+-azare required at ports (362)2; and (367)sand
(361)4, respectively, in order to provide the second
distribution. Rewriting equations (1) and (2) in terms of

input voltages, V(363); and V(36,)3:
¥(367)1 =K363V(362)4+7V (362)229 1-1— K362 (9) 33
V(367)3==K362V(362)2 +V(362)4V 1 — K3652 (10)

It is noted that, to produce the required voltages associ-
ated with the second distribution at ports (363); and
(362)4, from equations (9) and (10):

V(367)1=K362B2 /b7 +ar+jByV 1 — K363 by.
+(a;—90°) (11)
| 65

(12)

V(362)3 = K362 By / b1 + (a1 + 907) +

8

-continued

jBy N1 — K36,2 /b2 + a3

) Considering first the voltage V(363)1, to produce such

voltage, the voltage at port (36;); must be (considering
a phase delay of here 270°) from transmission line 81:

V361)2 = V36301 / +270° (13)
= K36, By /by + a3 + 270° +

By \l 1 — K362 {bl + (a; + 180°)

To produce such voltage, V(361),, the following volt-
ages must appear at ports (361)3 and (363)1, respectively:

(361)1 =K36) V(361)4+j1(361)2V 1 — K362 (14)

1(361)3=K361V(361)2+1(361)5V 1—K36,2 (15)

It is first noted that:
¥(361)a=B3Lb3+a3

V(351\)}=K35232£b2+ﬂ2+270“ +j-
Bnmvi —-KSﬁzzébl +{ay+ 180°)

and K36, and K36, are established by the requirements
of the first distribution; therefore, the voltages V(36;);
and V(361)3 may be determined in terms of known pa-
rameters. Further, here the electrical length of the
transmission line connecting port (361); and row feed
port 18;1s one wavelength and, therefore, the voltage at
row feed port 18; (i.e., V18,(2) for the second distribu-
tion is equal to the voltage at port (361); (i.e., V(361)1).
That is, in summary to this point, to establish the second
distribution:

V18,2 = V(3611 = K361[B3 /b3 + a3 ] (16)
+ j N1 _ K361%2 K36,{B; /b2 + a3 + 270°

+jBl\|1—K3622 / b1 + (a1 + 180°) }

= | ¥185(2)| / 018,

V(3620 = K363 By / by + (ay — 90°) ' (17)
+ jB N'1 = K36;2 /b2 + @)

= | (362)3] f 8(367)3
(361)3 = K361[K362B2 /by + a2 + 270° (18)

+ JBy N1 K362 /by + a; + 180° ]
+iN 1 — K362 B, /a3 + b3

= | V3613 / 6361)3

Therefore, it 1s evident that, in order to obtain the
second distribution, the calculated voltages must appear
at row feed ports 18; and at ports (36;); and (36;);. To
obtain the calculated voltages at ports (36;)3 and (361)3,
it is noted that a proper must appear at row feed port
181, and therefore the second distribution is obtained by
controlling, in addition to the coupling factors K36y,




0

K36,, K363 and the lengths of transmission lines 80, 81,
82, 84, 86, 90, the relative amplitude and phase of the
voltage at row feed ports 18; and 18. -

Continuing then, to produce the proper voltages at
ports (362)3 and (361)3 (as set forth in equations (17) and
(18)), it is first noted that because transmission line 90
(1.e., the line between ports (363)2 and (362)3) is assumed
substantially lossless:
| | V(363)2 | *= | V(362)3]° (19)
 and because transmission line 86 (i.e., the line between
ports (363)4 and (361)3) 1s assumed lossless

| A363)a| 2= | ¥(361)3]2 (20)
For a matched network, the voltage at feed port (363)3

is established as zero (during transmit) and therefore:

| (363)4]° (21)

2 &
7363 | X(363)4|2 + | M(363)2|°

for reasons analogous to those discussed in connection
‘with equations (4), (5) and (6). Therefore, because
V(362)4=V(363)), K36 may be calculated from equa-
tions (17), (18), (19) and (21). Also because the electrical
length of transmission line 86 is one wavelength:

1(363)2= —V1—K3632 V(363)1 = —jV1—K3632

V18 (22)

and

1(361)3 = V(363)4 = K363 ¥(363); = K363 V18, (23)
from equations equivalent to equations (1) and (2).
Therefore, from equations (22) and (23), it is noted that
V(363); is delayed by 90° relative to V(363)4. Therefore,
the electrical length of transmission line 90 is selected so
that the phase of the voltage at port (362)3; is 8(362)s.
That 1s, 6(362)3 plus the phase shift provided by the
transmission line 90, 8, is equal to the phase of the volt-
age at port (363)4 (1.e., 6(363)4) minus 90°, That is, since:

V(362)3 2 | V(362)3| £0(362)3 (24)

and

V(363)s 2 | V(363)3] L6(363)4 (25)
if the phase shift provided by transmission lme 90 is 6
then:

0(362)3 +0=0(363)4—90° (26)

or

0 =0(363)4—90° —8(36)3 Q27
That is, the phase delay provided by transmission line
90 and the coupling factor K363 of directional coupler
363 enable the required voltage to be established at ports
(36,)3 and (361)3 in response to a voltage V18;(2) at port

18; (where the electrical length of the transmission line

between row feed port 181 and port (363); is one wave-

length). That is, V181(2)—V(361)3/K363 and, from equa-
tion (18)

(28)

V18,2 = (K36,[K36; B> /by + a + 270°
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10

-continued

+B N1 — K362 /by + ay + 180° ]

+ j\l 1 — K361% (B3) /b3 + a3 ) (1/K363)
= (1/7K363)| (361)3] / 6(361)3 |

and

V18,(2) = | V18,(2)| £ 018, (29)

In summary, then, the second distribution is obtained
by establishing at row feed ports 181, 18, the voltages
V18,(2), V18,(2), respectively as set forth in equations
(28), (29), respectively.

As noted above, both ports 181 and 18; are coupled to
the elevation (EL) port (FIG. 1) via feed networks 20;,
20; and directional coupler 37 and row feed port 18; is
coupled to the sum (2) port via feed network 20,. The
requisite voltages V18,(2), V18,(1), V18,2 are estab-
lished by such networks 20;, 20; and the electrical
lengths of transmission lines used to make up such net-
works and to interconnect the feed networks 16;-16,
and elevation (EL) port and sum (2) port.

In like manner, voltages necessary to produce first
and second distributions to row feed ports 18;, 18; of
the remaining feed networks 16,-16¢ are calculated. To

calculate the couphng factor of coupler 37, i.e., K37, the
following equation is used:

K37%=(P18,)/(P18; + P18;) (30)
where P18, is the portion of the total power required at
the row feedports 18; (i.e., supplied to each of the net-
works 161-16¢ to establish the second distribution

16¢
>
n = 16

P18) = | V(181(2)),,|2

where n designates the row feed networks 161-16¢).
P18; is the portion of the total power required at the
row feed ports 18, supplied to each of the networks

161-16¢ to establish the second distribution
166
P8y =- = |K18,(3),|2
n = 16

Considering now feed network 20;, the directional
couplers 60, 62 and the electrical lengths of lines 63aq,
63b, 65a, 65a, 65b, 67a, 67b are selected to produce the
calculated distribution to energy associated with the
second distribution at row feed ports 18; of the net-
works 16)-16¢. That is, if the voltages at feed ports 18,
for networks 16;-166 to produce such second distribu-
tion are: Cjlci, Cilcy, Csfcs, Cilc;+180°%,
Calcy+180°% CiZc1+180° (noting the “odd” symme-
try), respectively, the coupling factor of coupler 62,
K2 is:

| C2|?
1C3]2 + |Ca|?

2 _

K2

and the coupling factor of directional coupler 60, Kgp,
is:
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C]"z
C2|2 + |C3}?

Kﬁ{]z =

|C1]% +

for reasons similar to those discussed above, and the
electrical lengths of transmission lines 634, 654, 67a (and
hence 63b, 65b, 67b) are selected to produce the requi-
site phase angles cj, ¢, ¢3. Likewise, considering feed
network 209, the directional couplers 52, 54 and the
electrical lengths of transmission lines 4la, 414, 43a,
43b, 45a, 45b are selected to produce the calculated
voltages associated with the second distribution at ports
18; (i.e., V18;(d) for feed networks 161-16¢. That is, if
voltages at row feed ports 182 (i.e., V183(2) for net-
works 161-16¢ are: DiZd;, D»rZd;, D3Zd;,
D3/d3+180°, D»2/d;+4180°, Di14d1+4180° respec-
tively (note the “odd” symmetry), the coupling factor
of directional coupler 54, K54, 1s:

| Dy |2

K542 = >
| D3}< +

and the coupling factor of directional coupler 52, 1{52,
1S:

D12

K522 =
D3|2 + | Ds3|?

|D1]? +

and the electrical lengths of transmission lines 41q, 43a,
45a (and hence 415, 435, 45b) are selected to produce
proper phase angles: di, da, ds.

The couplers 46, 44 and the electrical lengths of
transmission lines 80, 91, 92 (the transmission lines cou-
pling port 423 to coupler 46, the line coupling port 42,
to coupler 46 and the line coupling port 42 to coupler
44, respectively) are selected to provide the proper
phase angles to the voltages at row feed ports 18; to
establish the first distribution, i.e., the voltages V18,(1),
That is, if the voltages V18,(1) at ports 18; for the feed
networks 161-16¢ for the first distribution are: EZe;y,
E)Zer, Eszles, Esles, Eales, Eiley, respectively (note
the “even” symmetry), the coupling factor of direc-
tional coupler 46, K46, is:

| E> |2

K46? =
|E3|% + |E2|?

the coupling factor for directional coupler 44, K44, is:

|Eq|?
| E>| %+ |E3|?

E1]? +

and the electrical lengths of transmission lines 90, 91, 92
are selected to produce the proper phase angles e, e,
es.

Considering now the azimuth, or third distribution, it

is noted that a predetermined distribution down the
column of row feed ports 183 is obtained from the cou-
plers 72-78 and lengths of lines 7ie-71/ and the distri-
bution across each row of elements is obtained from the
network 34 in each of the feed networks 16-16¢.
From the above, these independently specified sum,
azimuth and elevation antenna patterns are established,
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12
such patterns being associated with the sum (2), azi-
muth (AZ) and elevation (EL) ports, respectively.

It should be noted that, while certain transmission
line. lengths were stated to be one wavelength for pur-
poses of simplicity in understanding the invention, such
lengths are selected to provide the required phase shifts
at.the ndminal design frequency and are further selected
to minimize output variations over the operating band.

Having described a preferred embodiment of this
invention, variations and modifications will now be-
come readily apparent to those of skill in the art. For
example, the sum port (2) may be coupled to row feed
ports 181, 18; and the elevation port (EL) coupled to
only port 18;. It is felt, therefore, that the invention
should not be limited to such embodiment but rather
should be limited only by the spirit and scope of the
appended claims.

What is claimed is:

I. A monopulse antenna adapted to provide indepen-
dently specifiable sum, azimuth and elevation antenna
patterns, such antenna comprising;:

(a) a plurality of rows of antenna elements;

(b) a plurality of feed networks, each one thereof
coupled to a corresponding one of the rows of
antenna elements and having: First, second and
third feed ports; and means for coupling cnergy
between the feed ports and the antenna elements
coupled thereto with three independent amplitude
and phase distributions, each one of such feed net-
works comprising;:

(1) a first coupling network coupled to the first and
second feed ports and having a plurality of out-
put ports;

(1) a second coupling network coupled to the third
feed port and having a plurality of output ports;
and

(111) a plurality of couplers cach one having an “in
phase” port, an “out of phase’ port and a paitr of
output ports, the “in phase” ports of the plurality
of couplers being connected to the plurality of
output ports of the first coupling network, the
“out of phase” ports of the plurality of couplers
being connected to the plurality of output ports
of the second coupling network, a first one of the
pair of output ports of the couplers being cou-
pled to a first portion of the antenna elements in
the row coupled thereto and a second one of the
pair of output ports of the couplers being cou-
pled to a second portion of the antenna elements
in the row coupled thereto, the first and second
portions of antenna elements being disposed
syminetrically about an azimuth axis; and

(c) means for coupling energy between the first, sec-
ond and third feed ports of the plurality of feed
networks and sum, azimuth and elevation antenna
ports with independent amplitude and phase distri-
butions to provide the independent suin, azimuth
and elevation antenna patterns.

2 The antenna rectted in claim 1 wherein the energy
coupling means comprises:

(a) a third coupling network having an input port
coupled to the azimuth antenna port and having a
plurality of output ports coupled to the third feed
ports of the plurality of feed networks;

(b) a fourth coupling network having a first and sec-
ond input port and a plurality of output ports, such
first input port being connected to the sum antenna
port, the second input port being connected to the
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azimuth antenna port, and the plurality of output (iv) a plurality of output ports coupled to the an-
ports being coupled to the first feed ports of the tenna elements in the row coupled thereto; and
plurality of feed networks; and (v) wherein the phase shifts provided by the plural-
(c) a fifth coupling network having an input port ity of phase shift means and the coupling factors
coupled to the elevation antenna port and a plural- 5 are selected to couple energy between the three
ity of output ports coupled to the second feed ports feed ports and the antenna elements coupled
of the plurality of feed networks. thereto with three independent amplitude and
3. A monopulse antenna adapted to provide indepen- phase distributions;

dently specifiable sum, azimuth and elevation antenna (c) sum, azimuth and elevation ports, such ports being
patterns, such antenna comprising: (a) a plurality of 10 associated with the sum, azimuth and elevation

rows of antenna elements; antenna patterns, respectively; and
(b) a plurality of feed networks, each one thereof (d) means for coupling energy between the sum, azi-
coupled to a corresponding one of the rows of muth and elevation ports and the three feed ports
antenna elements, each one of such feed networks ~ of the plurality of feed networks with independent
having: 15 amplitude and phase distribution to provide the
(i) a plurality of couplers having independently independent sum azimuth and elevation antenna

specifiable coupling factors; patterns.

(ii) a plurality of phase shift means interconnected 4. The antenna recited in claim 3 wherein the energy
with the plurality of couplers; coupling means includes a plurality of couplers having

(iii) three feed ports interconnected with the plural- 20 independently specifiable coupling factors and a plural-
ity of couplers and the plurality of phase shift ity of interconnected phase shift means.
~ means; | | £ % % % %
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